Limited transthoracic echocardiography (TTE) 1, 2 refers to brief, goal-focused cardiac ultrasound, usually performed by a treating practitioner and at the point of care or the patient bedside. Such studies are designed to provide rapid assessment of cardiac status and function, especially when time is critical and formal comprehensive echocardiography is not readily available. The information is acquired and acted upon by the treating practitioner, rather than relying on a third party to investigate and report the findings. Because the information is weighted against and integrated with all the other clinical information available to the treating practitioner, a lesser degree of diagnostic accuracy has been shown to still be clinically useful 3 .
Pattern recognition, using only 2D and colour flow Doppler, will often suffice without the need for measurement and quantification. Full diagnostic grading of cardiac pathology usually requires imaging the structures in multiple views and the inclusion of quantitative measurements, particularly using spectral Doppler. Such quantification requires high levels of image acquisition skills and of interpretive knowledge.
Therefore, a clinically useful limited TTE study can be conducted without the requirement for the extensive experience in image acquisition or knowledge base required for those undertaking comprehensive TTE.
To become proficient in limited TTE, practitioners must first acquire sufficient knowledge to understand and interpret basic haemodynamic and valve parameters in qualitative fashion. They then must SUMMARy Limited transthoracic echocardiography performed by treating physicians may facilitate assessment of haemodynamic abnormalities in perioperative and critical care patients. The interpretative skills of one hundred participants who completed an education program in limited transthoracic echocardiography were assessed by reporting five pre-recorded case studies. A high level of agreement was observed in ventricular volume assessment (left 95%, right 96%), systolic function (left 99%, right 96%), left atrial pressure (96%) and haemodynamic state (97%). The highest failure to report answers (that is, no answer given) was for right ventricular volume and function. For moderate or severe valve lesions, agreement ranged from 90 to 98%, with failure to report <5% in all cases except for mitral stenosis (18%). For mild valve lesions, the range of agreement was lower (53 to 100%) due to overestimation of severity. Medical practitioners who completed the structured educational program showed good agreement with experts in interpretation of valve and ventricular function. learn how to physically perform a basic TTE study. Finally they must integrate this knowledge and skill in both a cardiac pathology and clinical context. Several prospective observational studies have demonstrated that a medical practitioner can learn the knowledge and skills to perform limited TTE in a reasonable timeframe. Some studies limit the training to 2D echocardiography 4-7 whereas others, with relatively longer training, combine 2D and colour flow Doppler [8] [9] [10] [11] . Education programs providing advanced diagnostic knowledge are much longer and more complex and include postgraduate diplomas to board certification 12, 13 .
inherent in the concept of limited TTE and the course we have developed is that if significant pathology is identified, confirmation of the findings and follow-up should be organised, with formal echocardiography services and a comprehensive TTE examination. if time does permit it and proper quantification might alter management, then a comprehensive TTE examination might be indicated before proceeding on the basis of just the limited study.
AiM
The aim of this study was to investigate the interpretative skills of participants at the end of a structured limited TTE training course.
COURSE DESCRiPTiON
This study investigates the interpretive skills of participants at the end of the H.A.R.T.scan ® training course developed by the Ultrasound Education Group at the University of Melbourne. The course teaches a specific limited TTE study developed by the group, the Haemodynamic Echocardiographic Assessment in Real Time (HEART scan). The scan was developed to be suitable for both preoperative assessment in anaesthesia as well as the more common rationale for limited TTE in critical care medicine, the diagnosis of haemodynamic collapse. it differs therefore, from most other limited studies in critical care medicine such as BLEEP 14 , CLUE 15 or RACE (A. Maclean, personal communication) in that it includes colour flow Doppler for valve assessment. The HEART scan is designed with the needs of perioperative and critical care medicine in mind: anaesthetists, intensivists, emergency physicians, surgeons and internal medicine specialists.
The HEART scan uses the parasternal, apical and subcostal windows and evaluates cardiac structure and function, including an assessment of haemodynamic state 16 and valve pathology using two-dimensional echocardiography and colour flow Doppler. The analysis includes some quantification but is predominantly qualitative using pattern recognition. it also omits the suprasternal window and the parasternal right ventricular outflow view as these are unlikely to add value in the majority of cases in critical care.
The scan is designed to be scalable so that the order of image acquisition is the standard for cardiac sonographers in Australia and New Zealand. As practitioners develop their skills, they can add views and quantification measures gradually, thereby progressively evolving from limited to comprehensive TTE practitioners and without a paradigm shift during the transition.
The course is based around a two-day practical workshop with nine hours of supervised scanning of healthy volunteers to teach image acquisition skills. The student:instructor ratio is 5:1, with two-hour rotations covering different skill sets. The equipment used is either a Sonosite Micromax or Sonosite M-Turbo ultrasound machine with cardiac package and phased array transducer (Bothell, WA, USA).
The interpretative skills are taught through precourse multimedia tutorials (around 40 hours of reading) and tutorials at the workshop itself running parallel to the scanning practice. The precourse material is sent to participants one month prior to the workshop. This material includes a 20-minute video on basic TTE scanning, three tutorials with both text and embedded video loops and 20 pre-recorded de-identified cases. During the latter half of the workshop, while two of each group of five is at a scanning station, other members from each group attend a central console where a further 20 cases are demonstrated and discussed. Participants learn the use of the H.A.R.T.scan report form (see appendix, available in the website version). The form has additional fields for more experienced practitioners progressing beyond limited TTE.
The emphasis in all the teaching is on a qualitative assessment of cardiac structure and function and haemodynamic state assessment as described by Royse 16 and summarised in Table 1 .
Ventricular failure and valvular stenosis or regurgitation are divided into just two categories: HEART scan positive or HEART scan negative. Positive lesions are those which, if formally quantified, would meet the American Society of Echocardiography criteria for moderate or severe pathology; that is, ventricular or valvular heart disease which could be of haemodynamic significance. Pathology no worse than mild is graded as HEART scan negative.
Ventricular heart valve disease is assessed using pattern recognition, supported if necessary, by measurements of left ventricular end-diastolic and end-systolic dimensions (parasternal long axis view) or end-diastolic and end-systolic areas (parasternal short axis view). Valvular function is assessed using pattern recognition in 2D and colour flow Doppler.
Pathology which is just graded moderate in formal echocardiography is unlikely to be haemodynamically significant, but the potential for this increases throughout the moderate range. By having the cutoff between positive and negative at the boundary between mild and moderate lesions, the sensitivity for ensuring that moderately severe and severe pathologies are correctly identified as HEART scan positive increases. This is safer in critical care than the reverse, even though there is a reduction in specificity for potential haemodynamic significance.
While all the models used in the workshop are chosen to have no pathology, the 40 cases included show a variety of different haemodynamic states, stenotic and regurgitant valve lesions of varying severity, pericardial effusion and pulmonary embolus.
The final session of the workshop gives participants the opportunity to view five complete studies, interpret the findings and complete a report form.
METHODS
The study was approved by the Human Ethics Committee of the University of Melbourne, and informed written consent was obtained from participants. Four workshops were held between February 2008 and February 2009 and 100 participants were recruited. The course was open to any registered medical practitioners but it was expected the majority would be specialist anaesthetists, with a smaller number of intensive care medicine or emergency physicians and a few from other specialties. All were expected to have a good underlying knowledge of cardiovascular pathology. Some were expected to be cardiac anaesthetists with experience in transesophageal echocardiography (TOE), but considering the basic nature of this course, none of those enrolling were expected to have significant experience in TTE. The final rotation of the course was used to assess the interpretative skills of the participants. Five cases were presented in video format similar to that used by the National Board of Echocardiography in some of its examinations: presentation of a clinical scenario, watch the video, two minutes to make the report, watch the video a second time and then check the report. The cases include a variety of pathologies ( Table 2) .
Two independent, expert investigators (an independent cardiologist and an experienced cardiac sonographer involved in teaching) had access to the comprehensive case studies from which the images had been selected to produce a limited study. All findings were graded in accordance with American Society of Echocardiography criteria for the evaluation of ventricles and valves. Atrial dimensions and the movement of the interatrial septum were graded in accordance with the haemodynamic state assessment methodology described earlier. if they disagreed, a third expert was consulted (a cardiac anaesthetist with over ten years' experience in both TTE and TOE). A fourth investigator (with experience in both TTE and TOE and a pass in the ASCExAM) linked the echo images into a single video for the presentation to the course participants, and checked the limited study against the expert findings, and there was no disagreement between this fourth independent investigator. in the event of an equivocal result, both answers were accepted as correct.
Statistical analysis
Data are reported as number of responses, percentage of correct answers and confidence interval of percentage of correct answers.
RESULTS
There were 100 participants whose specialties were anaesthesia (80%), intensive care (13%), emergency physician (4%), other physician (1%) and not recorded (2%). The majority of the participants were specialists. Fifteen percent of the anaesthetists were present or past cardiac anaesthetists with significant experience in TOE, and there will clearly be some cross-over effect to TTE for this small proportion of participants. Many had taken part in short workshops at conferences, but to our knowledge, none had undertaken more extensive training in TTE: we consider that the extensive precourse work and the length of the H.A.R.T.scan workshops very largely evened out any of these differences.
The agreement between participants and experts is shown in Table 3 . Agreement rates were high for ventricular, left atrial pressure and haemodynamic assessment (>95%). Significant differences were found only for left ventricular (LV) volume in case 5 and right ventricular (RV) function in case 4. Across the five case studies, participants were most consistent in the assessment of LV function and least consistent in the assessment of RV function. Failure to report items was low overall across the cases 1 to 4%), with the exception of right ventricular items (16% RV volume and 13% RV function). The percentage of correct responses by participant for all five cases was normally distributed (mean 0.86, SD 0.06, range 72 to 100%). Agreement between participants and experts for HEART scan positive valve lesions is shown in Figure 1 . Agreement was high (90 to 98%) with a low incidence of missing data, with the exception of the mitral stenosis in case 2 (18% missing data). The agreement for HEART scan negative valve lesions (trivial or mild regurgitation or stenosis) was lower (53 to 100%), with the major error being overestimation of severity of the lesion (0 to 45% across all cases), or failure to report (12 to 54% across all cases) ( Figure 2 ).
DiSCUSSiON
This study shows proof of concept that participants who complete a structured training program including both knowledge base and practical acquisition skills can correctly interpret limited TTE in a high proportion of cases. The agreement was best for haemodynamic assessment parameters and for clinically important valve lesions. The most common errors were related to overestimation of mild valve lesions, and failing to record RV volume and function.
When differentiating between clinically important and clinically unimportant pathology, our results are consistent with Melamed and colleagues 7 , who found that when mistakes are made, intensivists tended to overestimate LV function. Severe LV dysfunction, however, was never classified as normal. Randazo and colleagues 17 reported a cross-sectional observation study of 115 patients conducted in an urban emergency department by level ii trained emergency physicians in echocardiography. They found 47.8% agreement on moderate LV ejection fraction, with 92.3% agreement in the normal category and 70.4% agreement in the poor LV ejection fraction category. importantly, in our study the error was to upgrade mild pathology to greater severity, while clinically important pathology was not graded as only mild. The course places emphasis on obtaining confirmation of clinically important pathology with a subsequent comprehensive echocardiography examination and a check box 'Refer for full echo' is included in the report.
This study is consistent with other studies assessing novice training where there is a high agreement with interpretation of ventricular and valvular abnormality. However the scope of the training package is more extensive than that of many other limited TTE educational programs and, in addition, separates the knowledge and practical skills components. Studies assessing training in TTE show that programs vary in structure and in the split between knowledge and supervised practical training 8, 18 . After a two-week practical tutorial and limited educational program on 2D and colour flow Doppler echocardiography, medical students were able to identify LV size and function, significant valvular disease and pericardial effusion. Students conducted the TTE examination in the emergency department and intensive care settings and were able to detect abnormality in 96% and accurate in grading in 80% of the patients. The addition of echocardiography, including colour flow Doppler, to physical examination allowed students to accurately identify valvular abnormalities, though they were less accurate in detecting systolic wall motion abnormalities 19 . The unique aspect of the training program is that the knowledge base is delivered as interactive tutorials prior to the practical workshop, with the participant being responsible for completion. During the practical workshop there are no didactic lecture sessions, which maximises the time available for supervised hands-on scanning. An instructorled computer projected station demonstrating deidentified case studies is run concurrently with the scanning sessions. This reinforces interpretation and reporting skills for those members of the group who are not actively engaged in scanning.
Negative valve lesions
Few errors were made by participants for clinically important pathology, whereas the most frequent error was overestimation of mild valve lesions. Participants tended to see a colour flow jet and were reluctant to grade it as clinically unimportant. The higher incidence of failure to report items occurred for RV volume and function, which may reflect clinical focus on the left ventricle by practitioners and the difficulty in assessing the RV by 2D echocardiography. Following on from these results, we now place more emphasis during practical scanning and case scenario review on the importance of assessing the right ventricle, on reinforcing the criteria for regurgitant lesions, particularly for the mitral valve, and on detecting mitral stenosis.
The complete agreement between the fourth investigator with access only to the limited study and the findings of the comprehensive study was not surprising. With only one exception where even in the comprehensive study the findings of a possible small regional wall motion abnormality were considered equivocal, none of the findings in the limited study were close to the boundary between mild and moderate (or HEART scan negative and positive). As a result, it was relatively easy for the fourth expert to grade all the findings correctly.
There are several limitations to this study. Our study investigated neither image acquisition skills nor the consolidation of their knowledge and skill by further practice. Previous studies have shown that the learning curve for image acquisition for limited TTE is around 20 studies 20 , while the participants on this course imaged only four normal models. The course is designed to teach enough, in a situation uninterrupted by clinical work, to allow participants to return to their own institutions to continue developing their image acquisition skills. Furthermore, we have not retested the participants to test retention of knowledge. This aspect would be difficult to control as the participants would use TTE in their practice to a variable degree after completion of the course. in similar fashion, experience prior to the course is somewhat variable. A minority of participants were experienced in TOE and would be expected to have high interpretative ability once they are familiar with TTE images and some participants may have attended workshops at conferences. We consider that the majority of the differences in past experience will have been equalled out by the 40 hours of pre-course learning in the vast majority of cases. We did not perform a pre-workshop test as this project was an audit of our initial courses.
The cases examined were also complex with multiple valve lesions (especially case 5). The use of single pathology cases may have improved agreement, especially of mild valve pathology. The assessment of LV systolic function in the setting of severe mitral regurgitation is potentially flawed due to the reduced LV afterload, but this issue was reinforced during the computer station interpretation sessions. The use of more case studies would provide a better assessment of overall interpretation skills.
CONCLUSiON
This study shows proof of concept that a structured educational program to teach limited TTE incorporating knowledge base, case review and image acquisition skills was associated with good agreement with expert assessors in the interpretation of valve and ventricular function. 
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